Modelling Rural Healthcare Supply Chain in India using System Dynamics  by Kumar, Dinesh & Kumar, D.
 Procedia Engineering  97 ( 2014 )  2204 – 2212 
1877-7058 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Organizing Committee of GCMM 2014
doi: 10.1016/j.proeng.2014.12.464 
ScienceDirect
Available online at www.sciencedirect.com
12th GLOBAL CONGRESS ON MANUFACTURING AND MANAGEMENT, GCMM 2014 
Modelling rural healthcare supply chain in India using system 
dynamics 
 
Dinesh Kumara*, D. Kumarb 
aResearch Scholar, Department of Mechanical and Industrial Engineering, IIT Roorkee, Roorkee, Uttarakhand, India  
bProfessor,  Department of Mechanical and Industrial Engineering, IIT Roorkee, Roorkee, Uttarakhand, India 
Abstract 
Indian healthcare supply chain seems to be diverse depending upon the healthcare facilities and population. The 
present work entirely focuses on the supply of Iron Folic Acid tabs in state government owned rural healthcare 
systems. Brief introduction about system dynamic has been given in this paper. A survey has been conducted related 
to the supply chain of folic acid tabs from state drug stores to patients via women’s hospital, community health 
centre (CHC), primary health centres, and sub centres in District Haridwar, Uttarakhand, India. Modeling and 
simulation of entire supply chain has been performed using system dynamics technique. Causal loop diagram (CLD) 
has been constructed which displays the supply chain process at various stages throughout the entire system. The 
factors such as frequency of patients, and order frequency has been considered while constructing the causal loop 
diagram. The CLD has been translated into stock-flow diagram (SFD) for the entire supply chain on Stella® 
platform and simulation has been run for a period of one year (Jan to Dec). It has been noticed that there is a huge 
shortage (stock out) of folic acid tabs at women’s hospital, CHC, PHCs, and sub centres because of large delivery 
time. The present research may assist the government policy makers to take necessary decisions for improving the 
sustainability of the rural healthcare supply chain by reducing stock out of the medicine.        
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1. Introduction and background 
In India, various healthcare units at central and state level are dedicated to provide healthcare facilities in rural and 
urban areas all over the country. These healthcare units consist of Sub centres, Primary Health Centres (PHCs), 
Community Health Centres (CHCs) and district level hospitals (male and female). All the facilities are funded by the 
Government. Also, a number of research institutes like Post Graduate Institutes (PGIs) and All India Institute of 
Medical Sciences (AIIMSs) are dedicated to provide advance research and medical facilities across India. In spite of 
Government healthcare, the private owned clinics/hospitals/medical colleges provide healthcare service to a large 
population. 
 
 
Indian rural healthcare supply chain consists of specialized manufacturers, state government drugs purchasing 
authority, state drug store (SDS), rural drug stores (RDSs), women’s hospitals (WHs) community health centres 
(CHCs), primary health centres (PHCs) and sub centres (SCs) as shown in Fig. 1.  Five major public sector 
manufacturing companies, and more than 10558 medium and large scale private drug, consumables and surgical 
equipment manufacturers supply the drugs to state government own healthcare systems. Major part (~60%) of 
annual estimated demand for medicines, consumables and medical instruments are purchased by the drugs 
purchasing authority (state government) from manufacturers (Indians or overseas) through a tender bidding process 
and stored at a single place within a state (generally in the capital of state) called as state drug store. From the state 
drug store, the medicines are further supplied to rural drug stores (at district level). The rural drug store supplies the 
medicine to women’s hospital, community health centres, primary health centres, sub centres and ultimately 
distributed to the patients. Total medicines are distributed without any charge within all such government healthcare 
facilities.  
The present work deals with modelling of rural supply chain of folic acid tabs in India. System dynamics technique 
has been used to model and simulate the real like conditions for the same.   
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Figure 1 Healthcare supply chain in rural areas in India 
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Nomenclature 
SDS state drug store  
RDS rural drug store 
CHC community health centre 
PHC primary health centre 
SC sub centre 
MHFW ministry of health & family welfare 
NRHM national rural health mission 
GOI government of India 
 
Since last four decades, enormous work has been conducted in healthcare service sector incorporating various 
techniques to improve the effectiveness, efficiency and ultimately the patient’s satisfaction [1]. The system 
dynamics technique has been popular in making strategic decisions in terms of challenging diseases like 
cardiovascular diseases [2], diabetes [3], obesity [4], chronic diseases [5], and dental and oral diseases [6]. Also 
work has been conducted to improve performance of the system in the terms of financial management [7], capacity 
with safe design [8], frequency patients [9], and capacity planning in disaster and emergency [10, 12] system 
dynamics. In a Ugandan public healthcare study the vaccination system has been modelled integrating population 
sector, demand sector, operational sector and vaccine management sector [10]. A system dynamic model has been 
presented for emergency resources supply decided by, the need, the aim of employing quantity and mobilizing 
quantity [11]. 
2. Introduction to system dynamics  
System dynamics (SD) is a computer aided, graphical and analytical approach which represents the behaviour of the 
system over time. SD was first invented and presented by Professor Jay Wright Forrester and his research students at 
MIT, Massachusetts in late 1950s. This technique helps developing the intuitive models of the system which makes 
better understanding of system behaviour to the managers, planners and policymakers. SD can be applied to various 
dynamic situations ascending in complex environments like, social, economic, managerial, industrial, public health 
and ecological systems etc. The system behaviour depends upon various causal factors and their mutual 
relationships. Basically, two methods represent the system structure in SD, i.e. causal loop diagrams (Fig.4), and 
stock-flow diagrams (Fig. 5) are discussed further in this paper.  
 
Figure 2 System dynamics branches 
2.1. Feedback thinking 
It involves the information generated from any action passes through various state variables and/or auxiliary 
variables of the system and returns back to its beginning point (Fig. 3) which eventually influences the performance 
of the entire system. The nature of information depends upon the interrelationships between state variables, auxiliary 
variables and constants. The interrelationship between various state variables and/or auxiliary variables shown 
diagrammatically by means of arrows is named as causal loop diagram or cause effect diagram as shown in Fig.3 (a-
b). In CLD, the arrow is drawn from cause to response/effect. A polarity sign + is assign to the arrow whether the 
effect is changing in the same direction to the cause. On the other hand, – sign is assigned if the effect is changing 
opposite to the cause. The loop polarity can be determined by multiplying all polarities, i.e. + multiplied by + gives 
+ loop polarity or we can say such loop as positive feedback loop or reinforcing loop (R) as shown in Fig. 3 (a), (c), 
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while + multiplied by - gives - loop polarity or we can say such loop as negative feedback loop or balancing loop 
(B) (Fig. 3 (b), (d)). Positive feedback loop is responsible for continuous growth or decline i.e. destabilizing and 
running away the system from its present state whereas, negative feedback loop tends the system to achieve a 
specified goal. The shape of curve depends upon the target and initial value of stock. 
The way to model the system analytically is the stock-flow diagram (SFD) as shown in Fig. 3 (c-d). It consists of 
state variables or stocks (rectangular block), rates of flows (horizontal arrow in Fig. 3 (c)), constants/auxiliary 
variables (circles) and connectors (curved arrows).     
 
 
Figure 3 Feedback loops: (a) CLD for a simplest positive feedback loop; (b) CLD for a simplest negative feedback loop; (c) SFD for a simplest 
positive feedback loop; (d) SFD for a simplest negative feedback loop; (e) Exponential growth for positive feedback; (f) Asymptotic growth and 
decline for negative feedback 
 
For positive feedback loop (Fig. 3 (c)); 
INV(t) = INV(t - dt) + (RT) * dt 
INIT INV = 100 units 
INFLOWS: 
RT = INV*FPT 
FPT = 0.02 per day 
Time of run = 365 days 
For negative feedback loop (Fig. 3 (d)); 
INV(t) = INV(t - dt) + (RT) * dt 
INIT INV = 0 
 a  
 c 
 d  
 e  
 f  
 b  
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INFLOWS: 
RT = DISCR*FPT 
DINV = 100 
DISCR = DINV-INV 
FPT = 0.02 
Time of run = 365 days 
INV= Inventory (Units),  RT= Rate of supply (Units/time), FPT=Fraction supply rate (Unit/time), 
DISCR= discrepancy in inventory (Units), DINV= Desired inventory (Units) 
In Fig. 3 (a), (c), as the inventory level (INV) raises with the supply rate (RT). In this process, both INV and FPT 
exponentially increase with respect to the time (Fig. 3 (e)) because in each run the inventory INV and the rate RT 
revised as per the given equations resulting a huge growth in inventory as well as the rate of supply tend to 
destabilize the system in the terms of increase in inventory holding cost and wastage. Fig. 3 (b), (d) describe the 
negative feedback structure in which the inventory level (INV) raises towards the desired inventory (DINV)  while 
the supply rate decreases over time. Behaviors of the inventory level (INV) and rate (RT) seem to be asymptotic 
(Fig.3 (f)) and the system appears to be stable or balanced as the desired inventory level (DINV) is achieved.    
3. Questionnaire and survey 
A survey related to the folic acid tabs supply chain has been conducted at all the downstream stages in Uttarakhand, 
India. Pharmacists, data managers and medical officers of state drug store (Dehradun), rural drug store (Haridwar), 
community health centre, five primary health centres and auxiliary nurse midwiferies from thirty one sub centres 
(Block Bhagwanpur, Distt. Haridwar, Uttarakhand) have provided adequate data related to supply of folic acid tabs 
in rural area in Uttarakhand.    
4. Problem formulation 
Folic acid is a common medicine for curing low blood levels, heart diseases or stroke, anaemia, ulcerative colitis, 
cervical cancer, diseases related to liver and kidney. This medicine is highly recommended for pregnant women or 
who might become pregnant to regulate the blood level in the body. Therefore folic acid (tabs/powder/liquid) is 
provided without any charges by the particular state governments and ministry of health and family welfare 
(MHFW), Government of India (GOI) under National Rural Health Mission (NRHM) scheme. The survey revealed 
that there is a remarkable shortage of folic acid tabs at CHCs, PHCs, and SCs throughout the year. Hence modelling 
of rural supply of folic acid tabs to quantify the stock out time, stock out quantity at various stages and patients 
without medicine is the objective of the present study.      
5. Development of causal loop diagram (CLD) 
On the basis of the survey conducted in Uttarakhand State (India), a causal loop diagram (CLD) (Fig. 4) has been 
constructed depicting the flow of medicines through all the stages for a rural healthcare supply chain in Uttarakhand 
State, India. The explanations of the CLD have been discussed below. 
The state drug store (SDS) is responsible to purchase the entire range of medicines to be supplied to all state 
government owned medical facilities across the state. Demand for folic acid tabs arises with the order rate OR1from 
rural drug stores (RDS). Due to increase in demand, the drug inventory diminishes which triggers to procure more 
quantity of medicine by reducing the discrepancy in inventory (DISCR). Thus a reinforcing loop (R1) appears with 
surplus inventory stock at SDS facilitating smooth supply of drugs to all downstream channels. Medicines from SDS 
are further supplied to rural drug store (RDS).  Approximately 20-30% of the entire consumption is supplied by the 
MHFW, GOI under NRHM scheme. In case of shortage, some quantity of medicine can also be purchased from 
local distributors on the basis of tender notices. Furthermore, the rural drug store (RDS) supplies medicines to 
community health centres (CHCs), women hospitals (WH) as per their individual demands D2 and D5 respectively.  
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Figure 4 Causal loop diagrams for rural supply chain of folic acid tabs  
More quantity of medicine facilitates serving more patients (PCHC) at CHC. Greater the number of patients at CHC 
tends to increase the demand (D2) for folic acid tabs which encourages more orders (OR2). As number of orders 
increase the drug inventory (ICHC) at CHC goes up progressively, creating a reinforcing loop (R2). The order rate 
(OR2) from CHC escalates the demand (D) at rural drug store (RDS). Fulfilling the demand to CHC triggers the 
shrinkage in drug inventory (ISDS) at SDS generating negative loops (B2 & B3) which balances the quantity of folic 
acid tabs at state drug store as well as rural drug store. Additionally, CHC supplies a particular quantity of medicine 
to five primary health centres (PHCs) on the basis of the population of the area. The quantity of medicine (IPHC) 
facilitates serving more patients (PPHC). Excess numbers of patients at PHC enhance the demand for folic acid tabs 
which triggers placing more orders (OR3). Thus a reinforcing loop (R3) appears increasing the quantity of medicine 
(IPHC) at PHC. More orders (OR3) from PHC, balances the quantity of medicine at CHC creating a balancing loop 
(B4). The medicine from five PHCs is supplied to thirty one sub centres (SCs). Numbers of patients (PSC) at sub 
centre enhance the demand (D4) which tends to increase the order rate (OR4). Thus a reinforcing loop (R4) appears 
raising inventory (ISC) at sub centre. The order rate (OR4) increases the demand (D3) at PHC. To fulfil this 
demand, the medicines are supplied to SC completing the negative loop (B5) causes a balance in inventory at PHC.    
For women hospitals (WH), the quantity of medicine (IWH) encourages serving more patients (PWH). Excess 
patients at WH create more demand (D5) which triggers larger order rate (OR5) and hence IWH increases 
progressively completing the reinforcing loop (R6). As per the survey, nearly 3-4 orders are placed from women 
hospital to RDS.  Further, the order rate (OR5) raises the demand (D) at RDS. To fulfil this demand, the medicine is 
supplied from RDS to WH by completing a negative loop (B6) balancing the inventory level at RDS. Thus a causal 
loop diagram has been constructed depicting the flow of medicines through all the stages for a rural supply chain of 
folic acid tabs in Haridwar district, Uttarakhand, India. 
6. Development of stock-flow diagram  
On the basis of the available data from the survey and causal loop diagram (Fig. 4), the stock-flow diagram (SFD) or 
stock-flow model has been developed on Stella® platform as shown in Fig. 5. The stock represents the quantity of 
folic acid tabs at a particular stage while the flow signifies the rate of incoming or outgoing of medicine (Tabs/time) 
from that stage. The constants represent the quantity of medicine given per patient (Tabs per patient) and number of 
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patients at any stage (PWH/PCHC/PPHC/PSC) for a specified time (person/time). Generally 100 tabs are given to 
each patient once. 
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Figure 5 Stock-flow diagram for rural healthcare supply chain in India 
 
The model has been developed for a period of one year by taking the reference time one month. Therefore the 
constant, ‘patients/time ‘graphically denotes the number of patients at any particular stage over a period of 12 
months (0-11). The state drug store is the central stock for all medicines to be supplied to all government healthcare 
facilities around the state. The demand for a particular medicine is received at state drug store from all government 
medical facilities (rural and urban) via various channels. The state drug store purchase about 60% (~103000000 
tabs) of total demand for entire state of that particular medicine through tender notice.  Whole 60% quantity 
(~8160000 tabs) of folic acid tabs is supplied to a rural drug store once in a year i.e. in the month of January while 
20% quantity (~2720000 tabs) is supplied by the MHFW, GOI.   Remaining 20% quantity (~2720000 tabs) has to be 
purchased by the rural drug store from the annual contingency. Rural drug store, Haridwar, Uttarakhand receives 
approximately 13600000 folic acid tabs per year. From rural drug store, the folic acid tabs are further supplied to 
women’s hospital Haridwar (250000 tabs thrice in a year) and community health centres (~250000 tabs each 
quarterly in a year).  The Community health centre (Bhagwanpur, Haridwar) distributes the equal quantities of 
medicine (~42000 tabs to each quarterly in a year) to all five adjacent primary health centres; Buggawala (PHC1), 
Manakpur (PHC2), Bhalswagaj(PHC3), Sikroda(PHC4) and Bhagwanpur (PHC5) respectively. Furthermore, each 
PHC supplies an equal quantity (~6000 tabs to each quarterly in a year) of medicine to its adjacent sub centres (SC1 
to SC5). Here PHC1 supplies to SC1 (6 sub centres), PHC2 to SC2 (6 sub centres), PHC3 to SC3 (5 sub centres), 
PHC4 to SC4 (7 sub centres) and PHC5 to SC5 (7 sub centres). Here rate of supply is abbreviated with prefix ‘R’ 
followed by the name of the centre, e.g.  RSDS represents the rate of supply of folic acid tabs from suppliers to state 
drug store. Likewise, the rate of distribution is abbreviated with prefix ‘D’ followed by the name of the centre.   
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7. Results and discussion 
The simulation for stock flow model (Fig. 5) has been run for a period of one year (Jan to Dec) by assigning the 
initial values to all stocks is equal to zero. Description of variation in the quantity of folic acid tabs at different 
stages has been analysed. 
The drug purchase committee, state government purchases whole stock (~103000000 tabs) of medicine once (in Jan) 
in a year (stocked at SDS) and delivers the entire quantity to all RDSs (~10652000 tabs to each RDS) in the month 
of January (once in a year).  
x RDS receives entire quantity (~13600000) of folic acid tabs from SDS, MHFW and local distributors once in a 
year (in January). Women’s hospital (150 bed hospital) receives three supplies per year (~250000 tabs in each 
supply) while CHC has been given four deliveries (~250000 tabs in each delivery) in a year. The graph 
represents the decrease in the inventory level in stair form (from Jan to Dec).   
x Variation in folic acid tabs from January to December (T=0 to 11) at women’s hospital.  The graph shows a 
stock out of medicine for 14 days (middle of April to first week of May) leaving approximately 394 patients 
unserved as given in Table 1. On the other hand, about 103969 tabs remain undistributed at the end of year 
(Dec).  
x Three stock outs at CHC for 30, 30 and 12 days respectively throughout the year leaving a number of 337 
patients unserved. This results a huge stock out in PHCs and SCs. Eventually a large number of patients remain 
unserved during stock out days in PHCs and SCs as given in Table1. 
 
 Table 1 Details of stock outs and unserved patients   
 Stock out days and patients (p) Patients 
Unserved 
Quantity after 
Dec (Tabs) 
WH Apr-May (14 days) 
(394 p) 
Nil Nil Nil 394p 103969 
CHC Apr (30 days) 
(165p) 
Jun (30 days) 
(119p) 
Sep (12days) 
(53p) 
Nil 337p 2361 
PHC1 Mar (30days) 
(38p) 
Jun (30 days) 
(25p) 
Sep (30 days) 
(32p) 
Nil 95p 49 
PHC2 Feb-Apr (45 days) 
(49p) 
May-Jul (45 
days) (55p) 
Aug-Oct 
(45days) (54p) 
Nil 159p 0 
PHC3 Feb-Apr (37 days) 
(42p) 
Jun-Jul (14 days) 
(14p) 
Sep-Oct 
(21days) (21p) 
Nil 77p 451 
PHC4 Feb-Apr (51days) 
(87p) 
May-Jul 
(51days) (100p) 
Jul-Oct (67 
days) (147p) 
Dec (30 days) 
(67p) 
401p 0 
PHC5 Feb-Apr (51days) 
(87p) 
May-Jul ( 44 
days) (70p) 
Aug-Oct (51 
days) (79p) 
Dec (15 days) 
(19p) 
255p 0 
SC1 Mar-Apr (21 days)  
(136p) 
Jun-Jul (21 days) 
(120p) 
Sep-Nov (21 
days) (142p) 
Nil 398p 2982 
SC2 Mar-Apr (21 days) 
(121p) 
Jun-Jul (21 days) 
(128p) 
Sep-Nov (21 
days) (128p) 
Nil 377p 1953 
SC3 Mar-Apr (21 days) 
(98p) 
Jun-Jul (21 days) 
(96p) 
Sep-Nov (21 
days) (96p) 
Nil 290p 3143 
SC4 Mar-Apr (14 days) 
(98p) 
Jun-Jul (14 days) 
(102p) 
Sep-Nov (14 
days) (100p) 
Nil 300p 799 
SC5 Mar-Apr (21 days) 
(141p) 
Jun-Jul (21 days) 
(145p) 
Sep-Nov (21 
days) (144p) 
Nil 403p 3203 
                                                         Total 3486p 118910 Tabs 
The Shortage quantity per year=(3486 patients)*(100 Tabs per patient)=348600 Tabs 
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8. Conclusion and future scope 
The present work focuses on modeling the rural supply chain of folic acid tabs in District Haridwar, Uttarakhand, 
India using system dynamics technique. On the basis of the information collected during the interactive survey, 
causal loop diagram and stock flow diagram have been developed. The simulation results reveal a huge stock out at 
various stages leaving a large number of patients unserved. On the other hand, few stages keep excess quantity of 
medicine after the completion of the year. This study may assist state government policy makers to take some key 
steps to regularize the supply of the medicine. Furthermore, various inventory control models can be applied to 
maintain the optimum quantity of medicine at each stage. 
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